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SYSTEMAND METHOD FOR ALLEVIATING 
SKEW INA BUS 

TECHNICAL FIELD 

The present invention relates in general to data processing 
Systems, and in particular, to compensating for skew in 
individual bus lines between components in a data proceSS 
ing System. 

BACKGROUND INFORMATION 

FIG. 1 illustrates a multiprocessing system 100 having a 
central processor (“CP”) chips 101, which may also include 
Secondary (L2) caches, coupled to memory controllers 102. 
Memory controllers 102 may be coupled to memory card 
controllers 105 directly or through a transceiver 103. Each 
of the memory card controllers 105 may be part of a memory 
card 104, including a plurality of DRAMs 106. A plurality 
of buses couple components 101-106 to each other in 
various configurations. 

Efforts are continuously made to increase the Speed by 
which these components 101-106 process data. However, 
one of the limiting factors regarding the maximum speed by 
which the entire system 100 can operate is the speed that 
data can be transferred over these buses between the com 
ponents. A typical bus operation has been the transfer of a 
data bit on each bus line between two components one at a 
time. In other words, the next data bit is not transferred until 
the previous data bit has been successfully latched by the 
receiving component. In order to increase this transfer 
Speed, multiple bits may be transferred in Succession over 
each bus line without this requirement that a Subsequent bit 
wait until a previous bit has been Successfully received. In 
other words, a snapshot of a bus line would show that there 
are a plurality of bits presently traveling between the com 
ponents on any one bus line. 
To transfer multiple bits over each bus will increase data 

transfer frequency Significantly or reduce the data transfer 
cycle time Significantly. To properly capture the Signal of a 
multiple lines data bus, the data arrival time at the receiver 
of all the lines has to fall into a timing window. The length 
of Such a timing window is related to the length of data 
transfer cycle. AS the cycle time is reduced, the capture 
timing window is also reduced. 

Since a buS has a plurality of bus lines for Sending a 
plurality of bits in parallel (which are often associated with 
a particular word), if certain factors operate to cause one or 
more of these bits to travel faster or slower than the other bits 
traveling in parallel, there is the possibility that the receiving 
component will only receive a portion of a data word before 
the next data word arrives. With the prior art method of data 
transfer, the cycle time is relatively high, and thus the 
miscapturing of data from different cycles will not occur. 

Such delayS may be caused by one or more of Several 
reasons, including the non-uniform length of the various bus 
lines within a bus. Referring to FIG. 2, there is illustrated 
components 201 and 202 interconnected by a bus having bus 
lines 203-210. As can be seen, lengths of bus lines 203-210 
vary depending upon their layout on the printed circuit 
board. It can be readily appreciated that at high Speeds, the 
time it takes for a bit to travel over bus line 205 will be 
greater than the time for a parallel bit to travel over bus line 
206. Another factor may be the different positioning of the 
various drivers within one of the components for driving the 
bits onto the bus lines. These driver circuits may be in 
different locations on the chip, and furthermore, the fabri 
cation processes utilized to manufacture the chip may result 
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2 
in different operating Speeds for these various drivers. 
Uneven processing may also account for variations in the 
quality of the individual bus lines. Further, the power Supply 
noise will vary the delay of a driver. The power Supply noise 
can also vary the timing of the launching clock which in turn 
can change the data bus signal timing. 
AS a result of Such factors, skew may be introduced into 

one or more of the bus lines resulting in an unsatisfactory 
delay in the arrival of bits over these bus lines. Such 
unsatisfactory delays hamper the ability of the capture latch 
to capture the Signal for multiple data words to be transferred 
at one time over the bus. 

Some of these factors which affect the timing of the signal 
are invariant with respect to time Such as the length differ 
ence between Signal lines. Some of these factors are variant 
with time Such as the driver delay variation due to power 
Supply. A Static compensation technique can be used to 
compensate the time invariant skewS. 
AS a result, there is a need in the art for a technique for 

compensating for Such skew. 
SUMMARY OF THE INVENTION 

The present invention provides a most signal skew toler 
ant timing window for Signal transfer in relation to the 
capture clock timing. The teaching of this invention is to 
align the Signal of each Signal line, through delay insertion, 
to the most skew tolerant timing window basing upon 
repeatedly Sampling of Signal timing of each Signal line. 
Such an alignment will Significantly improve the Signal bus 
data capture capability and consequently reduce the data 
transfer cycle time for multiple bits data transfer. 
The present invention involves inserting a delay adjuster 

between the receiver and the latches associated with each 
bus line. The purpose of the delay adjuster is to insert delay 
to each path So that the Signal arrives at the capture latch in 
the most favorable condition (skew tolerant wise). To cali 
brate the delay of each Signal path, a timing digitizer is used. 
The timing digitizer may be an 8-6 bit shift register cell. The 
shift register cell is triggered by a clock with a frequency 4x 
that of the CPU frequency. The timing digitizer is placed 
Subsequent to the timing adjuster. To determine the timing 
relationship between the clock and the incoming Signal, an 
ideal Signal window generated by the local clock is also fed 
into another timing digitizer. All shift register cells for the 
timing digitizers are tied together as a Scan chain to be 
Scanned out and passed on to a Service processor which 
compares the delay of each Signal path with an idea Signal 
window and Subsequently inserts delay using the timing 
adjusters to particular bus lines. 
The foregoing has outlined rather broadly the features and 

technical advantages of the present invention in order that 
the detailed description of the invention that follows may be 
better understood. Additional features and advantages of the 
invention will be described hereinafter which form the 
subject of the claims of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention, and the advantages thereof, reference is now 
made to the following descriptions taken in conjunction with 
the accompanying drawings, in which: 

FIG. 1 illustrates a multiprocessing System configured in 
accordance with the present invention; 

FIG. 2 illustrates non-uniform line lengths within a bus; 
FIG. 3 illustrates the skew tolerance margin for a signal 

received at a receiver; 
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FIG. 4 illustrates an idea signal window; 
FIGS. 5 and 6 illustrate centering signal distribution of 

each bus net with respect to an idea Signal window through 
adding extra delay; 

FIG. 7 illustrates a configuration of the present invention; 
FIG. 8 illustrates further detail of the generation of the 

clock signal used by the timing digitizers, 
FIG. 9 illustrates a delay Sampling timing diagram; 
FIG. 10 illustrates further detail of a delay adjuster; 
FIG. 11 illustrates further detail of an ideal signal window 

generator, and 
FIG. 12 illustrates a flow diagram configured in accor 

dance with the present invention. 
DETAILED DESCRIPTION 

In the following description, numerous Specific details are 
Set forth Such as Specific word or byte lengths, etc. to provide 
a thorough understanding of the present invention. However, 
it will be obvious to those skilled in the art that the present 
invention may be practiced without Such specific details. In 
other instances, well-known circuits have been shown in 
block diagram form in order not to obscure the present 
invention in unnecessary detail. For the most part, details 
concerning timing considerations and the like have been 
omitted inasmuch as Such details are not necessary to obtain 
a complete understanding of the present invention and are 
within the skills of persons of ordinary skill in the relevant 
art. 

Refer now to the drawings wherein depicted elements are 
not necessarily shown to Scale and wherein like or similar 
elements are designated by the same reference numeral 
through the Several views. 

The present invention improves the capture latch to 
capture Signals and alleviates Skew associated with the 
individual bus lines within a bus, or net, coupling various 
components within a data processing System. Such a data 
processing System is illustrated in FIG. 1. The present 
invention may be utilized for any of the various busses 
connecting components 101-106, or even between a CP 101 
and its L2 on the chip or off chip. 
A bus comprises a plurality of bus lines enabling a 

plurality of bits to be transferred over the bus in a parallel 
configuration. Such a parallel grouping of bits may comprise 
a data word or Some equivalent. To Successfully transmit 
Such a Succession of bits onto the bus, little or no skew can 
be tolerated in each one of the bus lines, Since it is important 
that a particular bit be received within a specified clock 
cycle. FIG. 3 illustrates a maximum amount of skew which 
can be tolerated without causing a signal to be captured 
within a wrong clock window. The intended window is the 
clock cycle over which the data Signal must be received at 
the receiver. With the exemplary signal illustrated, the skew 
tolerance margin can be from anywhere between Zero and 
one-half of a cycle. If the skew is greater than the margin, 
then the Signal may be captured at the receiver during a cycle 
other than within the intended window. 

The ideal signal is illustrated in FIG. 4 as being received 
at the receiver exactly coincident with the intended window, 
which is the ideal Signal window. In Such a case, the 
maximum skew tolerance is equal to one-half of a bus cycle. 

FIGS. 5 and 6 illustrate the concept of the present 
invention. In FIG. 5, over each bus line, a plurality, n, of 
Samples are transmitted over the bus line and compared to a 
generated ideal Signal, which represents an ideal Signal 
window. The plurality of Samples effective produce an 
envelope. 
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4 
FIG. 6 illustrates how this signal envelope is shifted after 

undergoing compensation by the present invention, which in 
this example results in a portion of extra delay added to the 
bus line. 

Referring next to FIG. 7, there is illustrated a block 
diagram of a configuration of the present invention whereby 
delay is added into various ones of the bus lines in bus 710 
(net 'n'). Sending chip 701 and receiving chip 702 are 
coupled by bus 710 and may represent any two components 
within a data processing System connected by a bus, Such as 
the data processing System illustrated in FIG. 1. Data words 
are transmitted over bus 710 by a plurality of drivers 708, 
and received by a plurality of receivers 711. 
The present invention is implemented under the control of 

a Service processor chip 703 employing a processor core 
705, which receives the skew minimization program 704 of 
the present invention. The skew minimization process may 
be exercised after power on or on request. Chip 703 operates 
as a special processor to implement the skew minimization 
program 704. The processing capability is derived by pro 
cessor core 705 through a JTAG protocol implemented 
within JTAG code generator 706 in chip 703 and JTAG 
circuitry 707 and 714 within chips 701 and 702, respec 
tively. 
JTAG is a standard protocol facility implemented within 

the industry for testing chips. Please refer to IEEE Std. 
1149.1, IEEE Std. Test Access Port and Boundary-Scan 
Architecture, which is hereby incorporated by reference 
herein. An IEEE 1149.1 compliant chip has implemented 
therein control circuitry coupled to each of the I/O pins of 
the chip. This control circuitry is represented by blocks 707 
and 714. Access to this JTAG control circuitry is provided by 
one or more I/O control pins whereby a test device, Such as 
the circuitry within block 706 may be coupled for control 
ling and implementing various testing procedures on the 
chip. 

In response to the Signal alignment program 704, JTAG 
code generator 706 will cause JTAG control circuitry 707 to 
drive a predefined bit pattern from drivers 708 over bus 710. 
Blocks 707 and 714 contain the common JTAG circuits. 
Referring to FIG. 9, this signal is shown as being received 
at receiver 711. Additionally, a control signal is Sent by 
K1/K2 clocks control signal generator 709 and received at 
delay adjuster 801 shown in FIG. 8. Delay adjuster 801 is 
used to adjust the timing of the K1/K2 clocks so that the 
digitized signal will be centered in the calibrated window 
(see FIG. 9). The K1/K2 clock signals may be an 8-16 
multiple of clock signals, and are generated by the circuitry 
including phased lock loop 803, dividers 804 and 807, local 
clock generator 805, and H-1 tree 806, along with shift 
register 802. The signal from this circuitry is received by 
central buffer 808, which is then transferred to H-2 tree 809 
and then to K1/K2 local clock generator 810. 
The incoming Signal is digitized by timing digitizer 713, 

while the ideal window generated by generator 717 is 
digitized by timing digitizer 715. These are then compared 
through the JTAG circuitry 714 and 706 and processor 705, 
and a delay Signal is then Sent through register 718 to delay 
adjuster 712 to add in any required delay for each particular 
bus line. This process is performed for each bus line. 

Latch 820 represents the L1/L2 latch, which latches the 
incoming Signal for use by receiving chip 702 for each bus 
line. 

Dashed line 720 (see FIG. 7) represents a signal path from 
receiver 711 to timing digitizer 715 used for calibrating the 
delay adjuster 712. The output of the timing digitizer 713 
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corresponds to the delayed signal through delay adjuster 
712. The output of the timing digitizer 715, when 720 is 
Selected as input, corresponds to Signal without delay inser 
tion. Comparing these two output Signals, the delay adjuster 
is calibrated. 

Further detail of delay adjuster 712 is shown in FIG. 10 
which can provide a coarse delay adjustment with multi 
plexer 1001 and a fine delay adjustment with multiplexer 
1002, in response to selection signals S1 and S2 received 
from register 718. 

FIG. 11 illustrates in further detail ideal window generator 
717. 

FIG. 12 illustrates the Signal alignment program of the 
present invention. In step 1201, for each bus line, JTAG 
control circuitry 714 Samples the relative timing relation 
between the incoming Signal received by receiver 711 and 
the ideal Signal window generated by window generator 
717. In step 1202, the program compares the digitized 
versions of the incoming Signal and the ideal Signal window 
to compute how much delay to compensate for skew. This 
may merely be counting how many bits the Signals are 
different and then using this number through register 718 to 
produce signal S1 to be received by delay adjuster 712 for 
incorporating required amounts of delay. In Step 1203, the 
delay adjuster is calibrated, and in step 1204, the delay 
adjuster is set through the Selection signals S1. 

Although the present invention and its advantages have 
been described in detail, it should be understood that various 
changes, Substitutions and alterations can be made herein 
without departing from the spirit and scope of the invention 
as defined by the appended claims. 
What is claimed is: 
1. A method for improving skew tolerance and compen 

Sating skew on a bus connecting first and Second data 
processing components, the method comprising the Steps of: 

Sending a Signal over a bus line in the bus from the first 
component to the Second component; 

determining if the Signal is received within a predeter 
mined window; and 

delaying the Signal if it is not received within the prede 
termined window, 

wherein the determining Step further comprises the Steps 
of: 
digitizing the Signal; 
digitizing an ideal signal representing the predeter 
mined window; and 

comparing the digitized Signal with the digitized ideal 
Signal. 

2. The method as recited in claim 1, wherein the delaying 
Step further comprises the Steps of: 

in response to results of the comparing Step, calculating an 
amount of delay to add to the Signal; and 

adding the delay into a path carrying the Signal to receive 
circuitry in the Second component. 

3. The method as recited in claim 2, wherein the Sending, 
determining, and delaying StepS are performed for each bus 
line within the bus. 

4. The method as recited in claim 3, further comprising 
the Step of transmitting a Second word over the bus from the 
first component to the Second component before a first and 
previous word transmitted by the first component has been 
received by the Second component. 
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6 
5. An apparatus comprising: 
circuitry for driving a test Signal from a first chip over 

each one of a plurality of bus lines to a Second chip; 
a receiver for receiving the test Signal in the Second chip; 
a first timing digitizer for digitizing the test Signal; 
circuitry for generating an ideal signal window; 
a Second timing digitizer for digitizing the ideal Signal 
window; 

circuitry for comparing the digitized test signal with the 
digitized ideal Signal window; and 

circuitry for inserting a delay into a path carrying the test 
Signal in response to the comparison of the digitized 
test Signal with the digitized ideal Signal window. 

6. The apparatus as recited in claim 5, further comprising 
circuitry for transmitting a Second word over the bus lines 
from the first chip to the second chip before a first and 
previous word transmitted by the first chip has been received 
by the Second chip. 

7. The apparatus as recited in claim 5, wherein the driving 
circuitry, comparing circuitry and inserting circuitry is 
implemented with JTAG circuitry in the first and second 
chipS and within a third chip, and a finite State machine 
controlling the process. 

8. The apparatus as recited in claim 5, wherein the 
inserted delay ensures that the test signal is received within 
the ideal Signal window with a maximum noise margin. 

9. A data processing System comprising: 
a first chip including a plurality of drivers and a first JTAG 

control circuit coupled to the plurality of drivers, 
a second chip including a plurality of receivers, a plurality 

of delay adjusters coupled to the plurality of receivers, 
a plurality of first timing digitizers coupled to the 
plurality of delay adjusters, a plurality of ideal window 
generators, a plurality of Second timing adjusters 
coupled to the plurality of ideal Signal window 
generators, and a Second JTAG control circuit coupled 
to the plurality of first and Second timing adjusters, 

a bus having a plurality of bus lines connecting the 
plurality of drivers to the plurality of receivers; and 

a third chip including a JTAG code generator coupled to 
a processor, wherein the JTAG code generator is 
coupled to the first and second JTAG control circuits. 

10. The data processing System as recited in claim 9, 
wherein the processor is operable for running a skew com 
pensation program that comprises the Steps of: 

driving a plurality of test signals from the plurality of 
drivers over each one of the plurality of bus lines to the 
plurality of receivers, 

digitizing the plurality of test signals with the plurality of 
first timing digitizers, 

generating a plurality of ideal Signal windows with the 
plurality of ideal Signal window generators, 

digitizing the plurality of ideal Signal windows with the 
plurality of Second timing digitizers, 

comparing the plurality of digitized test Signals with the 
plurality of digitized ideal Signal windows, and 

inserting a delay with one of the plurality of delay 
adjusters into a path carrying one of the plurality of test 
Signals in response to the comparison of the plurality of 
digitized test Signals with the plurality of digitized ideal 
Signal windows. 
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11. The data processing System as recited in claim 9, 
wherein each of the timing digitizers converts a pulse signal 
into a plurality of shorter pulse signals wherein the plurality 
of Shorter pulse Signals has a time duration the same as the 
pulse signal. 

12. The method as recited in claim 1, wherein the steps of 
digitizing the Signal and digitizing the ideal Signal each 
convert a pulse signal into a plurality of shorter pulse signals 

8 
wherein the plurality of shorter pulse Signals has a time 
duration the same as the pulse Signal. 

13. The apparatus as recited in claim 5, wherein each of 
the timing digitizers converts a pulse Signal into a plurality 
of shorter pulse Signals wherein the plurality of shorter pulse 
Signals has a time duration the same as the pulse Signal. 

k k k k k 


